A number of coal blends and pitch/coal blends were evaluated using rheometry, thermogravimetric analysis and microscopy to confirm and further elucidate the coking pressure mechanism previously proposed by Duffy et al. (2007) [1]. We confirm that blending a low rank, high fluidity, low coking pressure coal, with a high rank, low fluidity, high coking pressure coal can significantly reduce the coking pressure associated with the latter. Interestingly, blending does not necessarily result in a fluidity that is midway between that of the two coals; sometimes the fluidity of the blend is less than that of the low fluidity coal, especially when the coals are significantly different in rank. This occurs because the increase in complex viscosity (g*) through resolidification of the low rank, high fluidity coal counteracts the reduction in g* resulting from softening of the high rank, low fluidity coal. It has also been confirmed that the g* of the resultant blend can be estimated from the g* of each component coal using a logarithmic additivity rule commonly employed for polymer blends.
a b s t r a c t
A number of coal blends and pitch/coal blends were evaluated using rheometry, thermogravimetric analysis and microscopy to confirm and further elucidate the coking pressure mechanism previously proposed by Duffy et al. (2007) [1] . We confirm that blending a low rank, high fluidity, low coking pressure coal, with a high rank, low fluidity, high coking pressure coal can significantly reduce the coking pressure associated with the latter. Interestingly, blending does not necessarily result in a fluidity that is midway between that of the two coals; sometimes the fluidity of the blend is less than that of the low fluidity coal, especially when the coals are significantly different in rank. This occurs because the increase in complex viscosity (g*) through resolidification of the low rank, high fluidity coal counteracts the reduction in g* resulting from softening of the high rank, low fluidity coal. It has also been confirmed that the g* of the resultant blend can be estimated from the g* of each component coal using a logarithmic additivity rule commonly employed for polymer blends.
Polarised light microscopy has indicated that the degree of mixing between coals of different rank is minimal, with fusion restricted to the particle surface. It is therefore inappropriate to think of such a coal blend in the same way as a single coal, since each component coal behaves relatively independently. This limited fusion is important for understanding the coking pressure mechanism for blends. It is proposed here that the lower rank coal, which softens at lower temperature, is able to expand into the interparticle voids between the high rank coal that is yet to soften, and these voids can create channels for volatiles to traverse. Then, and importantly, when the high rank coal begins to expand, the pore structure developed in the resolidified structures of the low rank coal can facilitate removal of volatiles, while the resolidified material may also act as a suitable sorbent for volatile matter. This is considered to be the primary mechanism by which coal blending is able to alleviate coking pressure, and applies to addition of inert material also.
Addition of a coal tar pitch was found to increase fluidity but also to extend the thermoplastic range to lower temperatures. This caused an increase in the swelling range, which was accompanied by a long plateau in g*, a feature which has previously been observed for certain high fluidity, high pressure coals. Elasticity and g* at the onset of expansion were also higher for both the pitch impregnated coals and the high pressure blends, which supports previous findings for singly charged high pressure coals, and confirms the potential use of such criteria for identifying potentially dangerous coals/ blends.
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Introduction
Coal blending appears to offer the most beneficial means for reducing coking pressure, where in most cases the addition of 20-35% of a high volatile coal can significantly reduce the pressure generated by a dangerous coal or coal blend without severely impacting coke quality. Depending on their swelling characteristics, some low volatile coals can also be employed as pressure reducers, while coke breeze and semi-coke are often added for similar reasons [2] . In contrast, coal tar pitch increases fluidity and volatile matter content but also increases coking pressure, the magnitude of which seems to vary depending on the coal type used [2, 3] . The aim of this study is to investigate the role of coal blending and pitch addition with regards to coking pressure in order to confirm and further elucidate the mechanism for coking pressure proposed by the authors previously [1, 4] .
Experimental

Sample information
Three sets of binary blends have been investigated in this study, including five blends with coals B and E, two with coals G and B, and a further two involving mixtures of coal R23 with R22 and R24. In addition a coal tar pitch has been evaluated at various inclusion levels with coals B and R24. Coal blends and pitch blends were prepared using the procedure described previously, and properties of the coals are also given previously [4] . The 53-212 lm fractions of each component were mixed in a vial or jar depending on the amount of sample required for each individual test. Oven wall pressures were measured using the BHP Billiton Mitsubishi Alliance Research Coke Oven (RCO) in Newcastle, Australia; a full description of which has been given by Mahoney et al. [5] . No coking pressure data was available for the coal tar pitch and corresponding blends, therefore its inclusion is based solely on the premise that coal tar pitch leads to an increase in coking pressure, which has been observed by a number of researchers [2, 3] .
Rheometry and thermogravimetric analysis
Rheometry and thermogravimetric analysis tests were performed using the same equipment and test conditions as those outlined in the previous article for single coals [4] .
Retort quenching
Partially carbonised samples of each coal/blend were obtained by quenching each coal/blend at 550°C. Initially, the coal sample (20 g, air dried) was charged into a stainless steel cylinder at a bulk density of approximately 900 kg/m 3 . The cylinder was placed into the centre of a quartz refractory tube located in a split-horizontal furnace and heated under a constant stream of nitrogen to 300°C at 20°C/min, then at 3°C/min up to the desired quench temperature (460-520°C). The temperature was monitored with a thermocouple connected to the outside of the cylinder to avoid damage to the sample. This was calibrated relative to the temperature at the coal centre, which was found to differ by approximately 10°C in the initial softening stage, but became smaller as resolidification progressed. At the desired temperature the sample was quickly removed from the furnace and quenched in a container of iced water. Bulk densities of the resultant semi-cokes were estimated using the weight/volume method and segments cut from the centre of the cylinder for subsequent microscopic analysis.
Scanning electron microscopy
SEM studies were performed using a Quanta 600 SEM in high vacuum mode. The uncoated samples were first blown with air to remove unwanted debris and the samples then analysed in backscattered electron mode (BSE), which combines topography with mean atomic number contrast. The maximum accelerating voltage used was 30 keV and the working distance was typically 10-12 mm.
Polarised light microscopy
Coal samples were vacuum impregnated in plastic moulds using a low viscosity epoxy resin to form sample blocks approximately 30 mm in diameter. The surface of the blocks were ground using water-resistant silicon carbide papers, and then polished using a series of alumina and colloidal silica treatments. The polished samples were viewed between crossed polarisers using a Leitz Ortholux II POL-BK, with 50Â oil immersion objective and fitted with a retarder plate. Images were recorded using a Zeiss Axiocam digital camera.
Results
From Table 1 it can be seen that the effect of blending the low pressure, high fluidity coals with the high pressure, low fluidity coals is to lower the coking pressure to varying extents. The sample of coal B used in the blends with coal E was slightly different to that used in the blends with coal G as the tests (MWO, rheometry, etc.) for each blend set were carried out at a different time. Fig. 1 shows that for the B-E and B-G blends coking pressure increases exponentially with increasing amount of coal B. By investigating the thermoplastic properties of the various blends using rheometry, thermogravimetric analysis and microscopy, it should be possible to elucidate the mechanism by which addition of E and G are able to alleviate the pressure for B.
Thermogravimetric analysis
Derivative of weight loss profiles for the three series of blends are shown in Fig. 2 . Clearly increasing the amount of low volatile coal in the blend decreases the maximum rate of volatile release (D MAX ) and increases the temperature of maximum volatile release (T MAX ). The extent to which D MAX decreases and T MAX increases can be accurately predicted from the weighted average of the component coals, as shown for each blend by the open diamond symbols. The slight variability between predicted and experimental values is within the range of experimental variation and consequently there would not appear to be any interaction between the coals in terms of their weight loss characteristics.
Rheometry
Complex viscosity (g*) profiles for the three series of blends are shown in Fig. 3 . It can be seen that increasing the proportion of B in the B-E blend shifts the temperature of maximum fluidity (T MF ) to higher temperatures, while significantly decreasing the fluidity of the blend. Interestingly, the blends containing 85% and 70% B have lower fluidities than coal B alone. The R series of blends also show this phenomenon, whereby blending of the high fluidity R23 with the lower fluidity coals, R22 and R24, causes a significant reduction in fluidity to below that of R22 and R24 alone. A similar trend is observed with the phase angle (d) shown in Fig. 4 , whereby the R series blends and some of the E blends show higher elasticities than the low fluidity, high elastic component coals (B, R22 and R24).
Since high viscosity and elasticity are considered to be major factors influencing coking pressure generation based on previous findings [4] , then one might expect the low fluidity blends to show higher coking pressures than their high pressure component coals. This is not the case. As shown in Fig. 1 , there is an exponential increase in coking pressure between blends of the pure low pressure coal and the pure high pressure coal, while For the R22/R23 blend the very high pressure associated with coal R22 is almost completely eliminated with the inclusion of R23.
The explanation for the observed increase in the measured g* of these blends is differences between the softening and resolidifying components, whereby the intrinsic viscosity of the resolidifying material is considered to be higher than that associated with unsoftened material [6] . Consequently the effect of the resolidifying material will be more significant in rheological terms, which would explain why a number of the blends have higher g* values than coal B. Unlike TGA measurements the weighted average of the component coals fails to give g* values comparable with measured values. However, by using a logarithmic additivity rule (Eq.
(1)) a much improved fit can be obtained. Predicted values for blends of E and G with coal B using Eq. (1) are shown in Fig. 5 .
Eq. (1) predicts that all viscosity curves should pass through the point where the curves of the two pure coals intersect, i.e. at approximately 455°C for the B-E blends shown in Fig. 3a . The fact that they do not all intersect, i.e. the measured values are lower, suggests that there is some synergy between the coals. It is thought that coal E helps to soften coal B. The hydrogen liberated from aromatisation reactions occurring when coal E resolidifies may be stabilising free radicals arising from pyrolysis reactions when coal B softens, thereby stabilising those radicals as liquid products. This does not occur to a large extent, but it occurs to a significant extent.
The reason why some blends give higher complex viscosities than coal B and some do not is governed by the degree of overlap between the thermoplastic regions. If the resolidification curve for the high fluidity coal intersects that of the low fluidity coal at a temperature >T MF , the viscosity will always be lower. If this intersection occurs at a temperature <T MF an increase in viscosity may be observed depending on blend composition. The G-B blends sit close to this cusp, as shown in Fig. 3b . The use of a log additivity rule to predict g* of a blend from g* of the component coals was postulated by Steel et al. [6] , who first showed that such a relationship could be used to describe the resolidification process, and then successfully applied it to two component blends. Such a rule is commonly used to predict the blend viscosity of miscible and immiscible polymer blends, the latter of which can be considered to behave in a similar way to emulsions [7] . This would account for the findings of Hayashi et al. [8] and also the shear thinning behaviour observed during resolidification [9] .
It should be noted that since the coal loses mass, the phase volumes used in Eq. (1) should account for this loss. The TGA data could be used to make corrections.
Regarding d, this tends to follow a linear addition rule as expected, since d and g* tend to be exponentially related. The use of d to predict synergistic behaviour has been used by Takanohashi et al. [10] , however, this gives complications due to the measurement limitations of the rheometer, which is also a factor with g* to some extent. For high fluidity coals d values tend to be quite erratic as small errors in G 0 and G 00 become amplified, while slip effects prior to softening and excessive torques at resolidification limit the range of useful data when the thermoplastic ranges of the component coals do not overlap greatly. A technique which overcomes many of these obstacles is high temperature 1 H NMR, which has been successfully employed by Sakurovs [11] for studying coal synergism in the thermoplastic zone.
Plate displacement and axial force
Change in plate gap (DL) for the three series of blends is shown in Fig. 6 . Considering the E blends first, it can be seen that increasing the amount of B in the blend increases the swelling range and decreases the amount of contraction observed following the point of maximum expansion (DL MAX ). This trend is what would be expected with increasing coking pressure based on previous findings [4] . Blends comprising 15% and 30% of E, and 25% G, show a wider expansion range and lower degree of contraction/collapse than coal B alone, while for all blends the thermoplastic expansion in the rheometer, characterised by the value of (DL MAX À DL MIN ) where DL MIN is the point of minimum expansion, tends to be less than for coal B alone. The gradual expansion is thought to be an indicator that the volatiles are escaping via a mechanism other than bubble coalescence (explored in Part 1), which was characterised by an abrupt increase in DL, a peak, and an abrupt drop. For the R blends, (DL MAX À DL MIN ) also decreases with the addition of the low pressure coals, although the presence of coal R23 is still not enough to promote collapse in the R22/23 blend. Considering the large reduction in coking pressure (150 ? 6 kPa) that is observed on blending these two coals, the difference in DL profiles seems quite insignificant. This suggests a discrepancy in the proposed coking pressure mechanism with regards to the blends.
Axial force measurements for the same series of blends are shown in Fig. 7 and seem to relate better to coking pressure than DL measurements. For the E and G blends, increasing the proportion of low pressure coal in the blend significantly decreases the axial force below 2000g, a value above which single coals were found to be dangerous [4] . This drop in axial force is only observed if the proportion of coal B in the blend is P50% and begins to increase again as the proportion of high pressure coal drops below this value. Plotting the axial force values for the blends containing P50% against coking pressure gives exponential curves with R 2 values of 0.97 and 0.96 (not shown) for the E and G blends, respectively; however these trends do not hold when blends with <50% of B are included.
As discussed by Duffy et al. [4] high pressure coals as well as having large axial force peaks also tend to have higher plateau forces, corresponding with lower contraction/collapse following cell opening. Although some of the low pressure blends have larger axial force peaks than their higher pressure counterparts, the corresponding plateau forces tend to be much lower. Considering the R series of blends, it can be seen that addition of coal R23 to the higher pressure R24 decreases the peak axial force, as would be expected based on coking pressure measurements; however, the R22/23 blend behaves rather peculiarly. Although the rise in axial force for this blend is rather slow compared with other blends, it continues to rise well into resolidification, albeit at a slower rate once the 2000g mark has been surpassed. While the reason for this measurement is not completely understood it is not considered to be real, since it does not agree with DL profiles whereby DL is flat (not rising) above 460°C. Therefore, it is not considered to be a consequence of volatile induced swelling.
Scanning electron microscopy
SEM images taken from the radial and axial centre of samples quenched in the retort at 550°C are shown in Fig. 8 for all three series of blends and their component coals. Considering the E blends first, it is clear that coal E which has the lowest coking pressure and highest fluidity gives the most porous semi-coke, showing a large average pore size and obvious signs of pore coalescence. On increasing the proportion of B in the blend the average pore size and degree of coalescence appears to decrease, with minimum porosity being observed for the blends containing 70% and 85% E, which also have the highest values of g Ã MF . A similar trend is observed for the G blends, where the low pressure coal G gives a highly porous structure and evidence of extensive coalescence. On increasing the proportion of coal B in the blend both porosity and extent of coalescence appear to decrease.
The images obtained for the R blends are slightly more unusual. As expected, coal R22, which exhibits the highest pressure and lowest fluidity, gives the least porous structure, with very small pores and no visible signs of coalescence. Coal R24 also seems to follow expectations giving a rather large pore structure but less coalescence than E and G. The structure observed for coal R23 is not what would have been expected, since this coal yields a relatively low porosity semi-coke, even though it is a very high fluidity, high volatile matter coal. The R23/24 blend is slightly less porous than R24, which fits with rheological behaviour but not coking pressure, while the R22/R23 blend has a similar pore structure to that observed for coal R22, which again fits the rheological profile but fails to explain the large drop in coking pressure observed for this blend.
Measured bulk densities for the quenched coke samples are shown in Fig. 9 . The values seem to correspond well with SEM images, with the most porous samples having lower densities and the least porous samples having higher densities. The fact that coal R23 gives a higher density than coal B is surprising, since coal R23 shows a much higher rate of weight loss and much higher fluidity in its thermoplastic state compared with the other coals. As discussed previously [4] , to achieve optimum foaming/expansion the coal melt should have sufficient strength or g* to contain the evolved volatile matter in order to prevent cells rupturing prematurely. Consequently the greater the amount of volatile matter evolved the greater the matrix viscosity/elasticity needs to be to contain it. As coal R23 shows both a high rate of volatile evolution and is also highly fluid when this occurs it is expected that a stable foam structure would not form. It is for this reason that coal R23 is considered to generate a low porosity and high density semi-coke, and further supports the view that an optimum foaming window must exist for coking coals [4] . The density measurements shown in Fig. 9 are for samples allowed to expand freely along the sample cylinder. In the coke oven, however, there will be resistance to expansion on either side of the plastic layer, which will affect pore structure and density. Bulk density measurements for the same set of coals/blends carbonised to 1000°C in the movable wall oven are shown in Fig. 10 . Although the bulk densities of the samples are generally much higher than those from the retort, the density values are much closer together, with all coals/blends generally having values somewhere between 800 and 1000 kg/m 3 . What is particularly apparent is that the coals/blends which yield low densities in the retort actually have some of the highest densities when carbonised in the coke oven. Although the higher temperature cokes will have undergone greater high temperature contraction through hydrogen loss, the most likely reason for these differences must be the extent of collapse in the plastic layer. From DL/axial force tests it has been shown that the low pressure, high fluidity coals show the greatest contraction/collapse and the high pressure coals the least. It is thought that the low pressure coal G gives a bulk density of 250 kg/m 3 in the retort and 950 kg/m 3 in the coke oven because compaction occurs. Conversely, coal R22, which shows little or no contraction in DL/axial force tests, yields a similar bulk density in the oven and the retort, which is suggested to be due to little compaction occurring. This compaction is thought to play a role in wall pressure development.
Polarised light microscopy
It is difficult to determine the extent of fusion from SEM analysis because all fused coals tend to look similar under the microscope. However, as constituent coals in the various blends differ in rank they tend to produce cokes with different optical textures. As a consequence it is possible to identify the component coals in the fused coke using polarised light microscopy. Polarised light micrographs for all blends and their component coals are shown in Fig. 11 . For the blends containing coals E and R23 which are isotropic (pink in colour) fusion does not appear to be particularly extensive. The main interactions appear to be at the periphery of the particles, although there are a few instances where pore walls appear to be shared between the two component coals. These images support the view that coals retain much of their individual character during carbonisation and that any synergism occurs at the particle interface and most likely from volatile matter transfer between coals.
Coal tar pitch addition
Derivative of weight loss data for coals B and R24 with 2% and 5% coal tar pitch (CTP) are shown in Fig. 12 . It can be seen that the CTP gives a much higher rate of weight loss than the coals with most volatile matter evolved below 400°C, corresponding with a T MAX value of 320°C. Because of the small amount of pitch added to the coal blends and the low evolution rate in the region where the coals are plastic, D MAX is only slightly influenced by the presence of the pitch and actually causes a slight decrease in D MAX . Rheological properties and expansion behaviour associated with the pitch blends are shown in Fig. 13 . Considering the g* profiles first, it can be seen that for both coals the presence of the pitch causes an increase in fluidity and a decrease in softening temperature, which is amplified with increasing pitch concentration. Interestingly the addition of pitch causes an increase in the length of the plateau region, a feature which is particularly apparent in certain higher fluidity, high pressure coals [4] . This plateau region is considered to result from cell rupture and subsequent loss of plasticising volatiles, which causes a plateau or upturn in g*. In addition to this plateau region there appears to be a second inflection in the resolidification curve for the coal B sample with 5% CTP, although this is attributed to insufficient sample between the plates resulting from excessive squeeze flow.
Regarding viscoelastic characteristics, the addition of CTP significantly increases d and generally increases the width of the thermoplastic range with respect to temperature. In terms of swelling behaviour it can be seen from DL profiles that the addition of pitch has minimal impact on the magnitude of expansion (DL MAX À DL MIN ), although it does seem to extend the swelling range, mainly to lower temperatures. This is primarily due to the reduction in softening temperature, which allows swelling to commence at lower temperatures. Interestingly, this larger swelling range was also found to occur for the high fluidity, high pressure coals [4] , which further suggests that the plateau in g* that accompanies it is of great significance in this process. The fact that CTP also increases fluidity will, however, counteract this effect to some extent, leading to more extensive contraction/collapse following DL MAX .
This examination of the effects of pitch is highly preliminary and needs further study as researchers have found that not all pitches behave the same way and interact very different with different coals. Sakurovs [12] used 1 H NMR to study the effects of pitch and found an increase in fluidity below the softening temperature of the coal, however, Chan and Thomas [13] found that for a low volatile coal the softening temperature increased, while for a high volatile coal, the softening temperature reduced.
Discussion
The results reported here provide an important insight into the effects of coal blending and incorporation of coal tar pitch on thermoplastic behaviour, and demonstrate that coal blends in particular cannot be considered in the same way as single coals, especially if the components are significantly different in rank terms.
With regards to predicting coking pressure from rheological properties an attempt has been made to construct a d-g* plot similar to that constructed for the single coals [4] , as shown in Fig. 14 . Although the coal blends are much less homogeneous than the single coals, a similar trend is observed whereby the high pressure blends, which include 15% E and 25% G, have values of d and g* at the onset of expansion which place them centrally in the danger zone (dashed boundary). The blend containing 50% G, which is also considered dangerous but slightly lower in coking pressure, takes a position on the periphery of this zone. Unlike the single coals, the onset of collapse does not occur at a specific value/range of d although this is perhaps not too surprising considering the inhomogeneous nature of the blends.
This inhomogeneity is largely a consequence of limited fusion, as shown by polarised light microscopy, caused by the high viscosities of the component coals. Considering that these viscosities are of the same order of silly putty and even plasticine for the highest rank coals then such limited fusion is understandable, especially in the coke oven where larger particle sizes are employed. In terms of coking pressure, this would explain why the R22/23 blend generates such a low pressure, since coal R23 is able to expand into the interparticle voids between coal R22 which is yet to soften, and these voids can then create channels for volatiles to traverse. When coal R22 begins to expand the pore structure developed in coal R23 can then facilitate removal of volatiles from the high pressure coal, while the resolidified material may also act as a suitable sorbent [11] .
A similar mechanism has been proposed by Nomura et al. [14] who investigated coal blending theory for a dry coal charging process by blending a high pressure coal with caking (CC) and slightly caking (SCC) coals. When the high pressure coal was blended with CC the internal gas pressure was close to the arithmetic mean of the component coals but with SCC the measured value was lower than predicted. This was attributed to the low expansion volume of the SCC coal which left sufficient intergranular porosity for volatiles to escape. Although intergranular porosity will be most important for low expanding coals and inert material, for high fluidity, high swelling coals the open pore structure formed during carbonisation will offer the most accessible escape route for trapped volatiles. The role of inert particulates in reducing coking pressure is most likely due to an increase in intergranular porosity and also as an adsorbent for volatile matter. In addition, the smaller inert particles may contribute to the cell rupture process by adsorbing at the gas/liquid interface and facilitating liquid drainage. Such an effect is known to occur for some systems [15, 16] although the effect of particulates on foam stability is a relatively complex subject since it can be influenced by factors such as particle size, wettability and geometry, which ultimately determine whether particles are likely to destabilise or conversely stabilise a foam film [15] . Zubkova [17] has studied the carbonisation of blends under unidirectional heating using X-ray radioscopy to monitor charge expansion/contraction behaviour. In this work it was found that blending a non-caking coal with a caking coal reduced the temperature interval over which the blend was plastic, but increased the width of the so called 'foamy zone' or expansion zone. The expansion/contraction profiles varied quite a lot with blend composition, with those containing 20% and 30% of the non-caking coal showing greatest expansion and lowest contraction up to 600°C. These blends, although having lower gas pressures than the raw coal maintained the gas pressure well into resolidification and gave a less dense compacted zone prior to resolidification. Unfortunately no coking pressure data was reported in this work so it is not possible to say whether these blends would give higher coking pressures, although the profiles observed would suggest so based on the proposed mechanism.
Tramer et al. [18] used the same technique to study the effect of coal tar pitch (applied as an emulsion) on carbonisation behaviour and found that the effect of the pitch depended greatly on the coal or coal blend it was intermixed with. When applied to a poorly caking coal the pitch plasticised the coal leading to an increased swelling range and higher gas pressure, but also a greater pressure drop in the plastic layer and consequently greater compaction. When mixed with a medium volatile coal the pitch was found to have a negative effect on the fluidity; and consequently gas pressure was maintained for longer and contraction was reduced. The latter observation is something that has not been found with the coals used in this study, however, the former observation does fit findings reported here, whereby the swelling range increases due to a lower fusion temperature, but the degree of contraction increases due to the increased fluidity and early loss of the blowing gas through cell rupture. As with the pitch employed in this study it is not known whether this particular pitch is likely to give an increase in coking pressure. A d-g* plot for the pitch blends during the expansion phase is shown in Fig. 15 . It can be seen that the addition of pitch not only increases the elasticity at the onset of swelling but increases its complex viscosity also, shifting the resultant curves further into the danger zone. These observations fit well with the coking pressure mechanism outlined previously [4] , whereby viscoelastic characteristics can be considered key determinants of cell rupture and subsequent extent of collapse.
The effect of rheological properties on coking pressure for coal blends is not so clear cut since the component coals behave largely independently. Consequently volatile loss and reduction in gas pressure is aided by the presence of any unsoftened/resolidified material even though the blend viscosity appears high. This explains why coals with a high inert content tend to give low coking pressures even though they are generally of low fluidity.
The observation that a logarithmic blending rule can be used to predict the g* of a coal blend from the g* values of its component coals is potentially of great interest for the coking industry. The limitations of the rheometer are at present an obstacle to such an approach since measurements in the pre-softening and postresolidification zones are somewhat inaccurate, making exact prediction for coals varying significantly in rank relatively difficult. The work by Steel et al. [19] using rheometer plates of smaller size to access these high viscosity regions may offer a means to overcoming such obstacles.
Conclusions
Previous work has shown that bubble coalescence provides a route for the release of volatiles for single coals and is hence a primary mechanism for coking pressure [1, 4] with bubble coalescence restricted by high viscosities and/or high elasticities. This study has shown that the bubble coalescence mechanism does not fully explain coking pressures for coal blends. It has been found that when coals of different rank whose thermoplastic regions do not overlap greatly are blended together, the viscosities/elasticities of the resultant blends are often higher than that of the parent coals. Although the bubble coalescence mechanism would predict high coking pressures for these blends, this has not been observed in movable wall oven tests.
It is proposed here that volatiles from each coal in the blend are able to pass through the voids created by the accompanying coal, whether it is through unsoftened or resolidified material. This gives rise to a second mechanism for coking pressure, one which is also thought to be relevant to low fluidity single coals high in inertinite, which have been found to exhibit low coking pressures.
This mechanism has been further elucidated using polarised light microscopy which has shown that the components of blends with varying thermoplastic regions do not interact, and therefore the thermoplastic properties cannot be viewed as that of a single material. It has also been shown that the resultant blend can be estimated from the g* of each component coal using a logarithmic additivity rule commonly employed for polymer blends. Addition of coal tar pitch was found to increase coal fluidity but also to give rise to a plateau in viscosity during softening, a feature observed in certain higher fluidity coals and one that has been associated with high coking pressures.
It is thought that these mechanisms and the experimental techniques employed could provide enhanced means to predict and alleviate coking pressure.
